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COMPUTATION OF COMPRESSED VTOEO INFORMATION 



The invention relates to an apparatus for compressing video information and to 
a method of operating such an apparatus. 

From US patent No. 5,508,743 a compression apparatus is known. Various 
techniques are known for the compression of video (moving image) information. These 
5 techniques aim to reduce the amount of bandwidth required to transmit or store the 
compressed video infomiation, while maximizing the quality of the image that can be 
obtained upon decoding of the compressed video information, 

MPEG is a well known series of standards for representing compressed video 
information. Strictly speaking MPEG prescribes only decoding techniques, but of course the 

10 allowable decoding techniques also have implications for encoding and compression. Each 
MPEG decoding standard supports various forms of compression of video infomiation. For 
example, some of the frames in a sequence of frames that makes up the video information 
(so-called P frames and B frames) may be encoded in terms of changes with respect to 
neighboring frames in the sequence. Only part of the frames (so-called I frames) have to be 

15 encoded independently of other frames. Another compression technique supported by MPEG 
is to divide the frames iato rectangular blocks, to compute, for each block, a digital cosine 
transfomiation of the information in the blocks and to set the quantization level of different 
elements of the transformed information selectively so that a minimum of visible artefacts 
occur ia the decoded image. 

20 Various compression techniques have been developed to optimize the image 

quality of a compressed image with a limited amount of bandwidth that can be decoded in 
real time (at the rate at which the video information has to be displayed, for example with 50 
or 60 frames per second) with a limited amount of computational resources for decodiag. US 
patent No. 5,508,743 for example, selects the rate at compression switches between encoding 

25 changes between frames and encoduig independent of neighboring differently for different 
blocks. US 5,508,743 describes that this rate can be ads^ted after abmpt image changes so as 
to reduce the bandwidth required for the signal. 

This kind of technique ensures that decoding (decompression) can be 
performed in real time by a specified decoding apparatus, often an apparatus dedicated to 
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decoding. The computational operations needed for compression on the other hand can, in 
principle, be performed by any computing apparatus. This changes when real time 
compression operation is needed (compression at the rate at which the video information 
arrives, for example with 50 or 60 frames per second). In this case the compression apparatus 
5 has to be designed with a sufficient amount of computational power to perform compression. 
It is desirable to perform video signal compression with a programmable 
computer that can be used for several tasks concurrently, that is, not only for encoding the 
video signal. In this case, a sufficient amount of computational resom-ces has to be reserved 
for the real time compression task, the remaining tasks getting only the remainder of the 
10 resources, or whatever resources are left over when fewer resources are temporarily needed 
for compression due to the content of the video information. This means that a very powerful 
and therefore expensive computer is needed for real time compression. 

1 5 Amongst others, it is an object of the invention to provide for a real time 

compression technique that requires a less powerful computer and/or leaves more room to 
perform other tasks concurrently with real time compression. 

The invention provides for a method of computing compressed video 
information with a computing device, the method comprising automatically selecting a 

20 compression technique used by the computing device under control of an extent to which a 
computational resource for compression is detected to be available in the computing device, a 
less or more resource intensive compression technique being selected when the extent is 
below or in excess of a threshold respectively. 

Thus the compression rate is controlled dependent on the available 

25 computational resources. Preferably, the quality of the compressed image is kept 

substantially constant, at the expense of higher bandwidth when less of tiie computational 
resource is available. This should be distinguished from conventional techniques which aim 
to adapt the compression technique according to bandwidth limitations (bandwidth not being 
a computational resource). In the latter technique more compression, or even complete 

30 suppression of information is normally used when the limits of the available bandwidth are 
reached. In contrast, according to the present invention less compression is used when the 
limits of computational resources are reached. 

Preferably, the method comprises selecting, dependent on said extent, between 
encoding at least part of a frame from a sequence of frames from the video information 



wo 03/063506 PCT/IB02/05497 

3 

alternatively using a first process by means of change information relative to a neighboring 
frame or a second process independent from any neighboring frame in said sequence, the first 
or second process being selected when said extent is below or below the threshold 
respectively. Thus, in an MPEG encoding process more I frames are used when Utfle 
5 resources are available for encoding and more P or B frames are used when more resources 
are available. Of course, a minimum number of I frames may be included independent of the 
available resources as required according to MPEG recommendations. 

Selection between independent coding and change coding, which latter 
requires more computational resources than independent coding but leads to a greater 

10 compression rate than independent coding, is a simple an effective way to realize adaptation 
of resources used for encoding. Of course, other ways of adaptation may also be used, such 
as adaptation of the resolution of the frames that are compressed. 

The method may preferably be used in a multitasking computer, in which case 
the rate of compression is selected dependent on the resources left by other tasks executed by 

15 the processor. 



These and other advantageous aspects and advantages of the apparatus and 
method according to the invention will be described using the following figures. 
20 Figure 1 shows a system for processing video information 

Figure 2 shows relations between encoded frames of video information. 



Figure 1 shows a system witii an input 10 for receiving video information, an 
25 mput memory 1 1, a processor 12, a working memory 14, a transfer medium 16 and a 

decompression apparatus 18. The input 10 is coupled to the input memory 1 1 . The processor 
12 is coupled to the input memory 1 1, the working memory 14 and the medimn 16. The 
decompression apparatus 18 is coupled to the medium 16. 

In operation, a video signal that comprises video information describing a 
30 sequence of frames (two-dimensional images) arrives at input 10. The video information is 
stored in input memory 1 1 . Processor 12 reads the video information from input memory 1 1 
an compresses the video information (using working memory 14 for intermediate 
information) and sends the compressed information to medium 16. Medium 16 is for example 
a memory device (such as a hard disk, an optical disk, a magnetic tape etc.) or a transmission 
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chajMiel such as a data bus or a broadcast channel. Decompression apparatus 18 reads the 
compressed video information from medium 16, decompresses this information and displays 
it on a display screen (not shown), or subjects it to further processing. 

Compression is performed by processor 12 for example in order to obtain a 
5 compressed signal in accordance with an MPEG standard. Within the definition of 

compressed video signals according to the MPEG standard several types of compression are 
known. One of these is the use of prediction of the content of frames from the content of 
directly or indirectly neighboring frames. Examples of this kind of prediction are single 
direction prediction (forward or backward, from a preceding or following frame) and 

10 interpolation between frames in two directions. 

Figure 2 illustrates the relation between different frames according to the 
MPEG standards. Display time runs in the horizontal direction. A number of successive 
frames (or pictures) from the video signal, labelled I, B and P are indicated successively. An I 
frame (or I picture) is a frame that can be decoded independently of the other frames. A P 

1 5 frame is a frame that is decoded by reference to (extrapolation from) a preceding or following 
frame, usually a preceding frame. In figure 2 this kind of reference is indicated by arrows 
pointing at the frame from which the P frame is derived during decoding, A B frame is a 
firame that is decoded by interpolation between neighboring frames in forward and backward 
directions. In figure 2 the frames from which the B frame is interpolated are mdicated by 

20 arrows from the B frame. 

The relation between P frames or B frames and the frames they refer to may be 
expressed for example in terms of displacement vectors. The idea behind this is that the 
content of the frames does not change very much from one frame to another and even then 
only mainly by displacement of areas (e.g. moving objects) from one position in one frame to 

25 another position in another (neighboring) frame. As a result the content of that other frame 
can be expressed by means of vectors that represent the displacements of different areas in 
the frame and optionally some correction information for correctmg inaccuracies of such a 
prediction (the displacement vectors being carefiilly selected to minimize the inaccuracies). 

When B frames or P frames are used the processor 12 has to search for values 

30 of the displacement vectors that minimize the inaccuracies of the prediction or interpolation 
of the B or P frame. This requires a large amount of computational effort, involving for 
example computation of correlation coefficients between each area from one fi:ame and a 
number of areas from another frame. More eflEbrt is needed to make fiiU use of B frames than 
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for P frames since area's from two neighboring frames need to be compared in case of B- 

frames instead of one as in the case of P frames. 

Processor 12 is preferably a multitaskiag processor, capable of executing one 

or more other tasks concurrently with the compression task. That is, it runs under control of 
5 an operating system that computes how much of the computational resources of the processor 

are in use by various tasks and makes unused computatioxial resources available to the tasks. 

Thus, the different tasks share various computational resources of the processor 12. In an 

example of sharing computational resources the tasks may run altemately on processor 12, 

each getting a fraction of processing time. In another example each task may be allowed to 
10 use only its own fraction of working memory 14 (or local processor 12 memory), to use 

certain co-processors etc. 

In principle a fixed amount of resources, sufficient for compression, could be 

reserved for the compression task. However, if the compression task were limited to such a 

fixed amount, the amount of compression (which grows in with to the amount of 
15 computational effort used) would thus need to be limited or little computational resources 

would be left for liie other task. 

According to the invention, this is circxmivented by adapting the amount of 

compression according to the amount of computational resources left over by the other tasks. 

In a particular embodiment, a choice whether to encode a frame on one hand as an I frame or 
20 on the oflier hand as a B or P fi:ame, is made under control of a signal representing this 

amount of computational resources. 

Preferably, compression is executed by processor 12 under control of a 

computer program that selects whether to use an I frame, a P frame or a B frame for encoding 

a frame of the incoming video information. The program makes a basic selection of frames 
25 that are to be encoded as I frames on the basis of the needs of MPEG encoding, for example 

the need to have an independently coded frame every so many milliseconds. The program 

selects to encode one or more of remaining firames as on one hand I frames or on the other 

hand encoded as B or P frames dependent on whether less or more than a minimum amount 

of resources are available respectively. In a fiirfher embodiment a selection is even made 
30 whether to encode a firame as a B frame or a P frame dependent on the available resources, a 

P firame (one directional prediction) being selected when relatively less resources are 

available. 

Thus, a hi^er compression rate is realized when the other tasks leave more 
resources free and a lower compression rate is realized when the other tasks leave fewer 
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resources free. In principle the other task may be of any kind that can be executed by the 
processor 12, including possibly other image compression tasks. In an embodiment, there 
need not even be other tasks, the amount of resources left over being resources left over by 
the compression task itself, dependent on the nature of the video signal being compressed. 
5 Thus, the image quality of the compressed image can be kept more or less 

constant with a variable amount of computing resources, be it at the expense of a variable use 
of bandwidth in medium 16. 

It will be appreciated that the invention can be applied to any kind of 
processor 12 that is capable of executing a compression task. Preferably, processor 12 is a 

10 general purpose processor 12 such as a MIPS processor or a VLIW processor, but the 

inventions maybe applied to more specialized processors such as signal processors as well. 

Although the invention has been explained in terms of the selection whether or 
not to encode a frame independent of other frames or iu terms of changes to one or more 
neighboring frames xmder control of a signal representiag the availabihty of resources, it will 

15 be appreciated that the adaptation to the available resources can also be appHed to other 
aspects of compression. For example to adaptation of the resolution wifli which the video 
information is encoded. 



